Fold changes
Strain Purpose: Prioritizing candidate genes for gene-disease associations based on experimental data is a common task in biomedical research. However, sample numbers per biological condition or treatment may be too small to obtain a reliable candidate ranking based on standard statistical methods. This is a limiting factor for interpreting data from high-throughput studies using microarrays. Here, we employ a new strategy combining expression analysis and gene name literature mining to rank genetic probes from small microarray datasets obtained from equine articular chondrocytes. Methods: We used a two-step procedure to filter and rank candidate genes based on standard Affymetrix microarray data obtained from control cultures of primary equine articular chondrocytes and cultures exposed to interleukin 1-beta (IL-1β) and the anti-inflammatory plant derived phytochemical curcumin. First, genes with low variance across all samples were filtered out and the remaining genes were ranked using a statistical tool that accounts for the uncertainty within on-chip replicate data for each genetic probe. In the second step, we used text mining of the PubMed database based on a controlled vocabulary to compute a final combined ranking score for candidate genes. To enhance interpretability and increase robustness, we mapped top-ranked genes onto subcellular pathways and identified the pathways with largest changes in corresponding gene expression values. Results: The 15 top-ranked genes identified included several genes already known to be associated with the inflammatory pathways affected by IL-1β and curcumin. Moreover, a network-topological analysis of the candidates mapped onto a comprehensive human protein-protein interaction network revealed that these genes have distinct topological properties in comparison to random genes, e.g. similar to known disease-associated genes they displayed a significantly higher connectivity (node degree) in the network than matched-size random gene sets. Similarly, the top-ranked de-regulated pathways had known associations with the biological conditions and the subcellular processes of interest. To rank the genes according to their association with Medical Subject Headings ("MeSH" terms) in the literature, the occurrences and co-occurrences of corresponding phrases in the PubMed database were counted to compute the ranking or Pointwise Mutual Information score (PMI score). The genes with significant PMI scores included protein phosphatase 1a (PPM1A), glutamate-cysteine ligase (GCLM), mitogen-activated protein kinase (MAP3K2) and nuclear factor of kappa light chain gene enhancer (NFKBIA) with PMI scores of 5.91, 5.04, 5.02 and 4.6 respectively. Interestingly, the plasma membrane Na, K-ATPase was one of the genes that was found to be significantly differentially expressed between the control, IL-1β and curcumin treated chondrocyte cultures.
Conclusions:
The results of the gene ranking, pathway and network analysis underscore that the combined gene ranking based on gene expression and literature mining can profitably be applied to small-scale microarray studies and experiments with small quantities of clinical material. The increased sensitivity achieved by combining gene expression and literature mining will facilitate data interpretation and enhanced prioritization of candidate genes for further validation using quantitative, real-time polymerase chain reaction studies and proteomics.
